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EXPLICIT MODELING AND COMPUTATIONAL LOAD DISTRIBUTION 
FOR CONCURRENT PROCESSING SIMULATION OF THE SPACE STATION 

By 

R Gluck 

TRW Space and Technology Group 
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ABSTRACT 



f 

I 


Analytical simulation of the dynamics/control interaction of large space structures is 
essential during the design process as full-scale tests of these vehicles In the laboratory are 
Impractical. Furthermore, the operational manifests of large space systeips on-orblt may 
call for significant changes in their mass and stiffness distributions as well as for 
substantial growth during the vehicles' lifetimes, and these can be sttuHed only by 
analytical simulation. / 

Current methodologies for simulating large space structures li^olve Implicit 
mathematical models and solutions on serial digital computers. These methodologies 
require unacceptably long computer processing time and exorbitant costs as the models 
become larger and more complex. Potential orders-of-magnltude reductions in 
simulation time and cost of multibody dynamic systems/Can be attained using: (1) 
enhanced analytical models for simulation, and (2) special-purpose, concurrent 
computational hardware and system software. 

" ^ fy 4 ^ 3 ^-- o n t ^ i . 

Thto pa pcy 'deals with two important aspects of concurrent processing under development 
at TRW /These are: (l) the, derivation of explicit mathematical models of multibody 
dynamic systems, and (2) a* balanced computational load distribution (BOLD) among 
loosely coupled computational units (processors) of a concurrent processing system. The 
developed methodologies w** * demonstrated I n th e rpapor by way of an application to the 
Phase 1 of the Space Station - a task being performed by TRW under NASA/JSC contract 
NAS9- 17778. fVW- 


The mathematical model of the Space Station consists of three interconnected flexible 
bodies capable of undergoing large, rigid-body motion with respect to each other. Body 1 is 
the main central body and contains the pressurized modules inboard of the two Alpha 
gimbals. Bodies 2 and 3 are the starboard and port bodies connected to Body 1 at the Alpha 
gimbals and include all components on the transverse booms outboard of the Alpha 
gimbals (including the solar arrays). The control systems in the model maintain Body 1 in 
a prescribed 3-axls attitude control mode, while producinglarge- angle; rotations of the 
flexible solar arrays to position them normal to the sun-line^ ■ / 
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P I NTENTIONMUf BLAH* 



The BCLD methodology for concurrent processing developed by TRW 
enploys a static allocation strategy in which a separate software 
package is used off-line and at leisure prior to the execution of the 
simulation program. The load distribution, in this methodology, is 
carried out in a manner transparent to the user who, nevertheless, 
exercises control over the procedure with pre-selected constraint 
conditions. 

The distributed model of the Space Station is now complete and ready 
to undergo benchmark tests on TRW’s Custom Architectured Parallel 
System during the June- July 1988 timeframe. 
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This project was established to provide NASA with quantitative data to determine the 
cost effectiveness of utilizing a specialized processing system such as the Custom 
Architectured Parallel Processing System (CAPPS) for development and verification of the 
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controls/structure interaction of the Space Station on CAPPS 


PROJECT WORK BREAKDOWN STRUCTURE 
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Project Work Breakdown Structure 
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Advantages of Explicit Equations of Motion 
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Implicit formulation requires the derivation of the equations of 
motion to be performed numerically at each integration step 

Explicit formulation requires the derivation to be performed 
only once 
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Program SYMBOD for the derivation of the explicit equations of motion of multibody 
flexible dynamical systems was developed within the general framework of SMP. A menu is 
provided to the analyst for introducing the system's topology and appropriate logic is 
available for the definition/computation of the essential elements of Kane's Dynamical 
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basic assumptions made in the formulation or with the variance of input 
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Error-free translation of explicit equations of motion into FORTRAN 
— Eliminates manual mistyping of equations 
— Eliminates debugging of code 
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body motion of the flexible solar arrays connected to their 
respective transverse booms, while the central body is 
maintained in a three-axis attitude control mode 
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FREQUENCY SPECTRA OF THE SPACE STATION MODEL 
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Port Body Frequencies, Hertz 
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simulation compared to that achievable with a dynamic load allocation methodology. 
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THE FORM OF THE EQUATIONS IS QUITE GENERAL, AND 
IS THE FORM ADDRESSED BY THE LOAD BALANCING 
METHODOLOGY 
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LOAD BALANCING DIAGRAMS (CONT'D) 
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An overview of the CAPPS simulation methodology is shown in the figure. The 
methodology is divided into four phases. The analysis phase constitutes the development 
of the mathematical model and requires an intensive interaction between the analyst and 
the previously described Program SYMBOD/SMP. The derivation phase follows, in which 
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